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Nuclear Power Plant in the World $O) e LRRTRARR IR

USA

FRANCE

JAPAN

CHINA

RUSSIA

KOREA

i Operation
i Under construction

INDIA

CANADA

i For Under Construction
GERMANY ’

71 in the world, and 26 in CHINA;
CZECHIC i



NPPs in mainland China
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More than 80 units is proposed
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Nuclear Development Plan e LBRTRARR R

2012 , ESRESaWBESHELTER (EETeMl) 1 (HEBEPKEARE
XY FINI |, BEHE T ETRERK
On Oct.24,2012, Chinese government issued a “Mid to long term nuclear
development plan(2011-2020)”, decided national overall planning.

o R&% "HLEEM FEMREZE"

Safely And Effectively Develop Nuclear Power .

o XARMIEIIZEnE , RITHAIRA;

The Most Strictest Safety Standard , The Most Advanced
Technology.

® FEIZEBIN B HEIARIRLLLAAPLI000 R HBERFT A=E ;
GI11 AP1000 technology and its successive re-innovation
technology as future trends of nuclear power.




Nuclear Safety Planning $O) e LRETRARRIR

® In Oct. 2012, the State Ge high level safety goals for the Twelfth Five-\

Council approved Nuclear Year (2010-2015) is described as follows: severe

Safety Planning. accident preve.ntion and mitigation measgres
should be considered thoroughly in the design,
and core damage frequency and large release
frequency should be assessed to be lower than

ﬁﬁél{ ;255 QE-S/ reactor-year, 1E-6/reactor-year respectively/

Nuclear Safety Planning

/ As for the NPPs which will be built in China's \
Thirteenth Five-Year (2016-2020) and later, the
high level safety goal is described as “the

NNSA possibility of the large radioactive release
2012.10 \ should be practically eliminated by design” /




Safety Enhancement after accident — €2 S\e LBsTRARR R

B ENEHNRZLIREIRSIBNE Safety Enhancement after
Fukushima Accident

—  BR7KEEETNZE Water proof plugging scheme (backup)
— T2 NESERMKIRFEIEHE Water supply after 72 hours
- T2NIEREIRRIEER (IEIRBNTISEARREN] ) Power supply

after 72 hours (moveable diesel generator)

— R ZIARLIKAIIEN{Y Enhance spent fuel pool level monitor
instrument

NMEWSNIZITS0#  Environment monitoring design improvement

SRV R EFEtE I MZiT Improve emergency command center design
£35EISAMG Full scope SAMG




Technical insight of practical eliminatiof &% rastemnitn

Warning: the insight discussed below are not
formally published in China

‘ High Level Safety
Goals

(DiD and Risk Goals)

Lower Level safety Goals and Targets Lower Level Safety Goals and

Targets
(Deterministic and probakbilistic)

 Large radioactive release

[ DiD Goals (Deterministic) Technology Specific Safety

Targets

] Risk Goals (Probabilistic)

IAEA-CN-205 G. SHI have gave a detail information



Ongoing R&D Activities O Brue L BB TRARR IR

®From technical point of view, the activities are related to
the following areas

v'Earthquake

v'Flooding

v Improvement of power and water supply
v'Spent fuel pool

v'"Hydrogen control

v'Severe accident management

v'Filtered venting
v PSA * seismic PSA (2013-2017)
v others * Risk from spent fuel pool (2013-2015)
* Level 2 PSA for shutdown condition (2013-2015)
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Introduction of SNERDI O IR LBUIRARAHE

— Shanghai Nuclear Engineering Research and Design
Institute (SNERDI), located in Xuhui district, Shanghali,
east China, was established on Feb. 8™, 1970. ---@728




Introduction of SNERDI O IR LRRTRARRHR

SNERDI has become a subsidiary of the State Nuclear Power
Technology Corporation (SNPTC) since June 2007.

O Position of SNPTC
1. REEZFINEZ), ik =AU ZEE AR

On behalf of Chinese government, to introduce advanced 3rd generation nuclear
power technology;

2. BV W, FEEEE R A FL SR il R A

To develop China’ s own brand name nuclear power technology through
assimilation, absorption and innovation ;

3. ARSI =B BRGI . TREE A H R i) 1 E AR AT 5 o

SPNTC is a key entity and platform for 3rd generation nuclear power technology
introduction, project construction and self-reliance development.



Introduction of SNERDI &) BEm L RBIRBRRIR

SNERDIZFERHRIZBIRITTR<— . ER=ENZBIRITEE
SNERDI is one of the three research and design institutes on
nuclear power plant in China.

Class A qualification of engineering design

Class A qualification of engineering consulting

Class A qualification of project supervising

Class A gqualification of radioactive protection evaluation

Class A qualification of environment impact evaluation

Qualification of nuclear pressure retaining component design (issued by
NNSA)

Class1, Class2, and Class 3 qualification of pressurized vessel design

8. Class A qualification of architectural decoration design.

9. Intotal, 16 Class A, 5 Class B certificates and/or qualifications.

o 0k Wb e

~




Introduction of SNERDI
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In mainland of China, Design of
Qinshan 300MWe NPP with 2
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Introduction of SNERDI O IR LRRTRARRHR

Engineering ongoing:

> Overall Design of AP1000 Self-
Reliance project for Sanmen
and Hailyang

» AP1000 technology transferring
(TT), Digestion and Absorption

> The Standardization Design of
CAP1000

> The large passive PWR,
CAP1400

> The development of SMR &
CAP Series

> Design for Chashma NPP-3/4
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Introduction of SNERDI’s PSA €2 TR LRRIRARRIR
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CAP1400 PSA #%iR
Large Advanced PWR Project PSA




Demonstration Project €0 T LRRTRAR DR

Key milestones of CAP 1400 demonstration plant:

—

—

——

2018

Connected to Grid

Conceptual Design Completed




Main Technical Features €0 WHe LRRIRARLIR

Mam:l'echnlcal CAP1400 Nuclear Power Unit
Indicators Compared

Heat (electric) power 4040MW?1t(1500MWe) 3983MWt(1400MWe)

Power plant availability >93% >90%
Designed lifetime 60 yrs 60 yrs
Refueling cycle 18~24 months 18 months
Construction period 48 months 52 months
Safety features passive active
Thermal margin (DNBR) >15% >10%
Core damage probability <<10-¢/year <10-3/year

Large-scaleradioactive S .
release probability <107/year <10°/year

: 72 hours of non-
Operatorresponsetime . . >30min
intervention

Value Ratio Investment  Lower than others



CAP1400 PSA results €0 WHe LRRIRARLIR
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CAP1400 PSA Scope O Brue LABRIRMARH R

NEANEAN
ANEANEAN

External Hazards

Shutdown
Internal Hazards

Low Power

, Internal Events
Nominal Power

At power & LPSD Events PSA
release from the core exclude the SFP



CAP1400 PSA External events O oane LRBRIRAREIHE

® The following external events (groups) are typically

further analyzed after screening analysis:

» Internal fire

» Internal flooding

» Seismic events——SMA
» High winds

» External flooding

» Transportation and nearby facility accidents, etc



CAP1400 PSA -Framework O oane LRBRIRAREIHE

p
Core(CDF) } Containment(LRF) ] [ Public risk ]
LEVEL LEVEL 2 LEVEL 3
T Accident Safeguards / Release E
Initiating Event Event Tree Plant A Source Offsite
Analysis » Analysis S(gque:\_;:e Damage |—» g::tzwsté | Term | Cﬁaart:g::y & »| Conseq’s. || Risk Analysis |
y W— Y L State on Analysis : Analysis
X % &% . Analysis Quant. 7y
A y N M t | 1)
eteorology -
g H> Uncertainty &
Uncertainty & Phenomena Uncertainty & floce Sensitivity
Support/ Fault Tree Sensitivity & Analysis Sensitivity & : Analysis
Dependency ™ Analysis* Importance Importance Population
Analysis* i Analysis Analysis Distribution
Emergency N
Response
Common Human Pathways N
Cause Failure Reliability Model
Analysis* Analysis*
A A Health &
Economic [*
Effects
P t \ 4 \ 4 \ 4
Crbel). gl Results & Results & Results &
CRIEOn Insights Insights Insights
9 9 | *Used in Level 2 as required | 9

Framework of analysis process and elements of internal event PSA
under at-power condition



Regulations and Standards O SR LR IRARLHR

* The Chinese Nuclear Safety Regulations and Standards :
1) HAF102, #4383 /1] it %4, 2004.4. (Safety of Nuclear Power Plants: Design)
2) HAD102/01, #HL itz am N, 1989.7
(Fundamental Safety Principles in Design of NPP)
3) HAD102/17, #3h71] %47 55k, 2006.6
(Safety Assessment and Verification for Nuclear Power Plants)
4)NB/T 20037.1-2011 N FH T H) MR Z 2PN B 157 IREsiT N S —
PSA (Probabilistic Safety Assessment with application for NPPs Part 1: Internal events at-
power level 1 PSA)
5) NB/T 20037.2-2012 M FA% M) HURE R 22 =04 2528070 AIRThZRANHMEHE TI0 N
H A — 2L PSA (Probabilistic Safety Assessment with application for NPPs Part 2: Low power
& shutdown level 1 PSA)
6) NB/T 20037.3-2012 I FH T A% 1) BBt R 22 2 PPhr 28388493 :  7KHE (Probabilistic
Safety Assessment with application for NPPs Part 3: FIooding)
7)NB/T 20037.4-2013 N T F)  HUMER 2 2 PPAT 55485 70: KK (Probabilistic
Safety Assessment with application for NPPs Part 4: Fire)



Regulations and Standards O e LRRIRARRIHE

* |AEA Nuclear Safety Regulations and Standards :

1) IAEA SSG-3, Development and Application of Level 1
Probabilistic Safety Assessment for Nuclear Power Plants, Specific

Safety Guide.

2) IAEA SSG-4, Development and Application of Level 2
Probabilistic Safety Assessment for Nuclear Power Plants, Specific
Safety Guide.

3) IAEA NS-G-1.5 External events excluding earthquakes in the
design of nuclear power plants.

4) IAEA NS-G-2.15 Severe Accident Management Programmes for
Nuclear Power Plants.



Regulations and Standards O Ie LRBIRARRIHR

 American Nuclear Safety Regulations and Standards :

1) Code of Federal Regulations 10 CFR 50, May 2010.

2) Regulatory Guide (RG) 1.200 An Approach for Determining the Technical Adequacy

of Probabilistic Risk Assessment Results for Risk-Informed Activities.
3) RG 1.206 Combined License Applications for Nuclear Power Plants (LWR)

4) NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants, 2007.

5) American Society of Mechanical Engineers (ASME)/American Nuclear Society (ANS)
RA--Sa-2009, Addenda to ASME/ANS RA-S—-2008, Standard for Level 1/Large Early

Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant Applications.

6) NFPA 804 Standard for Fire Protection for Advanced Light Water Reactor Electric
Generating Plants.



CDF for internal events O ohie LRUIRARDIHE

POWEX, 3%

RV-RP, 5%

LLOCA, 20%
SGTR, 4%

SPADS, 4%
SLOCA, 17%

MLOCA, 17%

CMTLB, 8%
SI-LB, 22%

CAP1400 at power internal events- Contribution Of Initiating
Events To Core Damage



L RF for internal events O Thne LmBTRMRE R

o

17.83% IEV-SI-LB

25.06%

IEV-CMTLB
6.22%

IEV-RV-RP
6.72%

IEV-SGTR

IEV-SLOCA 21.01%

11.35%
IEV-MLOCA
11.81%

CAP1400 at power internal events- Contribution Of Initiating
Events To Large Release



Source Term and Consequence €0 MR LRRIRAR LR
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L PSD PSA results ) Bre ERRIRARAHR

« LPSD PSA result analysis :
e Source: CAP1400 AP1000 AP600
« LPSDCDF: 5.12E-08/y 1.23E-7/y 1.0E-7ly

The result indicates :
¢ The risk of CAP1400 under LPSD condition is very Low ;

¢ The LPSD CDF equals approximately a quarter of the at
power mternal events’ CDF, and could not be ignored.



Summary of CAP1400 PSA Results

O oRee BB TRARRHR

Core Damage Frequency

Large Release Frequency

(CDF) (per year) (LRF) (peryear)
Events At-Power Shutdown At-Power Shutdown
Internal Events 1.90E-07 5.12E-08 1.53E-08 8.54E-09
Internal Flood 4.43E-10 1.35E-09 1.44E-10 2.25E-10
Internal Fire 8.67E-08 7.08E-08 1.47E-08 1.18E-08
High Wind 2.03E-09 -- 1.33E-09 --
Sum 2.79E-07 1.23E-07 3.15E-08 2.06E-08
Total 4.02E-07 5.21E-08
HAD Safety goal 1E-05 1E-06
NRC Safety goal 1E-04 1E-06
URD Safety goal 1E-05 1E-06
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On-Going R&D Activities

System
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On-Going R&D Activities €3 3R LanTaRR RN

* Risk from spent fuel pool (2013-2015)

SFP-LSFS

SFP-PIPBL 2.15%
8.48%

SFP-SLOCA__SFP-PIPBS
0.16%




On-Going R&D Activities €D SER LuNTERRIY
*seismic PSA (2013-2017)

Probabilistic Seismic Hazard Analysis (PSHA)

e SSHAC+CPSHA

Fragility Analysis

« Conservative Deterministic Failure Margin (CDFM)+Hybrid
« Fragility Analysis/Generic data

System Analysis

e SET + internal event PSA model

Quantification

« Monte Carlo

 Binary Decision Diagram



On-Going R&D Activities

*seismic PSA (2013-2017)

O oane LRBRIRAREIHE

ENCANEERNG RESEARCH & DESIGN

HA NUCLEAR

PSHA results of Shidaowan site, China
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On-Going R&D Activities € T LENTHRERIE
*seismic PSA (2013-2017)

Preliminary Seismic CDF = 2.00E-08/y (mean)

FV Importance

Fragility Mean Curve

100 1 5.24E-02 2.36E- m Polor Crane
090 - 5.49E-02 _\2-805-02 02 W SB External Wall
080 - 5 50E-02 m PCSTank
070 - 5 56E- M Core Assembly
0.60 - 02 m AC Panel
p 050 W PRZR
0.40 -
6.58E- 156
0 02 = CRDM
M Fuel
0.10
mRCP
0.00

T T T T T T T T T T T T T T T T T T T ]
0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 16 17 18 19 2 Reactor Vessel
PGA




On-Going R&D Activities € SER LNIRER N

e Algorithm
— BDD: Binary Decision Diagram
— ZBDD: Zero-suppressed Binary Decision Diagram

* Accuracy
— Relative Error: 2%
* Speed

— Less than 2 mins for regular plant level model on PC
e Capability
— Plant level PSA model solving with high efficiency

— Compatible with RiskSpectrum and CAFTA
— Can be Integrated into Risk Monitor software as a third party Engine



On-Going R&D Activities €O Sore LanzEgRUR

Simple —e—Risk Spectrun —=—SNERDI Engine m
T

3000
2500
2000
1500
1000

500
0 [— S [ — -_a

cct edf9203 edf9204 fwt sloca nus9601 Unit 1 Unit 2 cea’9601

i Risk Spectrum i SNERDI Engine

Performance comparison with RiskSpectrum ( same environment )
R | —42-



On-Going R&D Activities €2 Sere SANTAREEIN

* Structure
— AMP (Apache, MySQL, PHP), Browser /Server

e Performance

— Integrated with BDD-based ET/FT Analysis Engine for a faster speed

— Capable of providing risk figure, importance indication, schedule risk curve,
DID status, etc., necessary information for risk monitor and management

— High server load capacity and stability
e Safety

— Strict user privilege management
— Malicious network attack defendable
— Data backup

* User Experience

— Friendly and simple interface
— Interactive charts with supportive information



On-Going R&D Activities
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SNERDI PSA in future
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Any collaboration for above-mentioned areas
is necessary and encouraged

E K%
SNPTC

Thank you for your
Email:zhanwh@sner



